Abstract. The aim of the study was to work out a method for quantitative assessment of soil nitrogen available for grassland sward (net mineralization), released in alluvial soils in Żuławy. Quantitative assessment of the pool of released nitrogen enables improvement of n management in fertilization of grassland sward and may contribute to the limitation of its dispersal in the natural environment. Studies were carried out in Żuławy Elbląskie in heavy, shallow humic alluvial soil containing about 350 t of soil organic matter and from 13 to 20 t of total nitrogen (Tn) per hectare. The study object was permanent meadow sward of different intensity of utilisation and inorganic fertilisation. The efficiency of net mineralization of soil N was determined with the use of indirect balance method. Łaukajtys's mini lysimetres installed on each experimental plot were used to estimate nitrogen losses in leachates. depending on the frequency of mowing and different npK fertilization, meadow sward took up from 80 to 170 kg n released due to mineralization of soil organic matter, which made up about 25 to 50% of nutrient demands of meadow sward. It was also shown that meadow sward uses from 58% to 78% of the total amount of introduced n for growth increment, depending on the intensity of utilization and fertilization.
InTROducTIOn
Rational management of inorganic nitrogen in permanent grasslands is a basic factor, decisive for economically justified nitrogen use in fodder production and, at the same time, may limit the negative effect of agricultural production on natural environment (Sapek 2010) .
Recognition of plant demands for nutrients is only one of the factors important for rational nutrient management. Meadow sward satisfies its nutrient needs from fertilization but also from natural soil resources and, in the case of nitrogen, also from biological N fixation and from dry and wet precipitation (Sapek and Nawalany 2006) . It might be of great importance to assess the efficiency of mineralization of organic nitrogen compounds in habitats of mineral meadow soils in order to improve N management on grasslands (Sapek and Kalińska 2004) .
The amount of soil nitrogen taken up by biomass of yield is termed net mineralization. This is a difference between gross mineralization and microbial immobilization, nitrogen taken up by sward and its losses to the environment (Burzyńska 2013 , Terlikowski 2005 .
nitrogen mineralization consists of a set of processes leading to the formation of ammonia or ammonium-nitrogen. Establishment of inorganic nitrogen content is a result of equilibrium of two contradictory processes: mineralization and immobilization. Its level depends on the chemical composition of organic matter, mainly on the carbon to nitrogen ratio (Kobuz 1996) . much attention has been paid recently to nitrogen management in view of threats posed by n dispersion in the environment. The problem of dispersion of nitrogen released during mineralization of humus is associated with the balance of soil organic matter in view of the search for efficient ways of mitigating negative effects of increased emission of greenhouse gases (niggli et al. 2008) . Estimation of the amounts of nitrogen not used by meadow sward allows, in turn, for assessing potential environmental risks and the efficiency of plant production (Terlikowski 2009 ).
Susceptibility of organic nitrogen compounds to mineralization is different and depends on soil and water conditions and on the rate of decomposition of each component of soil organic matter (paul and clark 2000). mineralization of soil organic matter may proceed at different rates, which depend on redox potential. mineralization of organic nitrogen in soil determines its utilization by sward and losses due to leaching of nitrates. Kobuz (1996) found that soil organic matter contains more than 90% of combined nitrogen. Its transformation may be one of important sources of inorganic nitrogen for plants. however, the process is controlled by temperature, moisture and the amount and quality of soil organic matter being a microbial substrate. according to Smith and paul (1990) , who studied the dynamics of mineralization of soil organic matter, from 95 to 380 kg N•ha -1 may be mineralized annually in meadow ecosystems.
Since nitrogen is a very mobile element and left in soil after plant harvest can easily be lost due to leaching to ground water or volatilization to the atmosphere, it is important to estimate the pool of nitrogen released from soil organic matter in order to optimise fertilization of meadows with this nutrient.
The aim of this study was to elaborate a method of quantitative assessment of soil nitrogen available for meadow sward (net mineralization) released from alluvial soils in Żuławy.
maTERIaLS and mEThOdS
Studies were carried out in the years 2008-2011 in Helenowo on Żuławy Elbląskie. Uni-factorial field experiment situated on a meadow renovated in the year 2001 with the complete cultivation method was set up with the random block method in four repetitions according to scheme presented in Table 1 . Sward had a simplified botanical composition dominated by: the cock's foot (Dactylis glomerata L.) and timothy grass (Phleum pratense L.) with a small contribution of the meadow fescue (Festuca pratensis L.), couch grass (Elymus repens L.) and common meadow-grass (Poa pratensis L.). grasses constituted about 75-85% of plant cover, dicotyledons -about 25%, and legumes were present in trace amounts. Meadow was situated 0.40 a.s.l., on very heavy alluvial soil underlined by loose sand [8F bc•pl]. Humic horizon was a soil layer of 45-55 cm thick. There were no statistically significant differences in soil total nitrogen and carbon among studied objects; therefore, mean C:N ratios were calculated. The ratio was 10.0 for 0-20 cm and 20-40 cm soil layers and 36.6 for 41-60 cm soil layer. Selected physical and chemical soil properties are given in Table 2 . Table 3 . Sielianinov's hydro-thermal coefficient (Stachowski 2010) was used to assess thermal and pluviometric conditions. Szyłowa's mini lysimeter modified by Łaułkajtys was used to collect leakages of soil solutions infiltrating down the soil profile for quantitative and qualitative analyses. colorimetric method was used to determine the content of inorganic n forms (n-nO 3 and n-nh 4 ) in soil (after extraction with 1% K 2 SO 4 ) and in water leakages. Total nitrogen in soil and plants was determined with the Kjeldahl method.
available forms of phosphorus and potassium in soil were determined with the Egner-Riehm method and of magnesium -with Schachtschabel's method following aaS records. carbon in soil was determined with the Tiurin method and ph -potentiometrically in 1m Kcl.
Indirect balance method was used for quantitative estimation of the efficiency of net mineralisation of soil nitrogen. The balance involved: 1) incomes:
• the content of soil inorganic N in spring before growing season, • nitrogen from fertilisers, • biologically fixed nitrogen (Sapek 2006 ), • nitrogen from wet and dry precipitation (Raport WIOŚ Olsztyn 2014), 2) losses:
• nitrogen removed with yield, • nitrogen in leachates percolating in soil out of the rhizosphere during the growing season, • inorganic N in soil after the end of the growing season. Despite many studies and experiments, no direct method was elaborated to determine soil nitrogen, which is transformed into inorganic forms taken up by grassland sward (Okruszko 1991 , Terlikowski 2005 . Indirect balance method allows, however, for estimating only that part of nitrogen released from organic matter, which was taken up by sward and incorporated into biomass of utilized yield (the so-called net mineralization). Therefore, the method may have significant economic importance and should be considered when calculating doses of nitrogen fertilization.
RESuLTS and dIScuSSIOn
Measurements of the amounts of leakages of water infiltrating below the rhizosphere and collected in mini lysimeters started in October 2007. Results are presented in Table 4 . Leakages were several times larger outside than during the growing season. This difference might have a significant effect on the dispersal of inorganic nitrogen loads to ground waters.
The amount of inorganic nitrogen loads lost to ground waters is presented in Table 5 . chemical analysis of water from leakages included both inorganic forms: N-NO 3 and n-nh 4 . It was noted that in the growing seasons 2008-2012, much smaller loads were delivered to ground waters than outside the growing seasons. Substantial differences in nitrogen loads percolating down the soil profile with infiltrating water were found among studied plots of different frequency of mowing and fertilizing. The largest losses of inorganic n occurred from under plots mown 3 times and fertilized with complete dose of npK (180 kg n · ha -1 ). Original incubation samplers were constructed (Sapek and Kalińska 2004) to determine differential mineralization of soil organic matter. Studies were made in incubated and in situ isolated soil samples and, for comparison, in soil taken from under vegetation. adopted length of the sampler depended on the thickness of humic soil horizon. Samplers were thus divided into three equal incubation levels: 0-20, 21-40 and 41-60 cm. Differential incubation of soil was performed in spring, summer and autumn and outside the growing season. during vegetation, soil samples were incubated for two weeks. Results of differential mineralization are presented in Table 6 . nitrogen balances presented in Tables 7-10 showed that the amount of soil nitrogen taken up by sward depended on meteorological conditions, frequency of mowing and applied fertilization. Results of n balance were assessed for each study year of the period 2008-2011.
mean annual uptake of soil n by sward mown once and not fertilized with mineral fertilizers was 80 kg n per ha. Increasing frequency of mowing to two cuts (still without npK fertilization) improved the utilization of soil n since sward took up about 150 kg•ha . Thus, most rational utilization of soil n in a permanent meadow situated on very heavy humic alluvial soil might be obtained at double or triple mowing and fertilization limited to PK only. Nitrogen dose of 60 kg N•ha -1 under cut seemed to be excessive in relation to plant demands for nutrients under experimental habitat conditions. The efficiency of net mineralization, depending on thermal and pluviometric conditions, may be assessed at 100-150 kg N•ha application of the balance method to compare inorganic nitrogen taken up by yield of meadow sward with the total output of inorganic nitrogen may bring remarkable results. The nitrogen uptake to output ratio in extensive meadow use (one cut, no fertilization) was 58%. The same ratio for a meadow mown twice was 66% and application of pK fertilizers increased the ratio to 71%. In a meadow mown three times and fertilized with pK the ratio was similar to the latter. The uptake to output ratio was highest (78%) in a meadow mown three times a season and fertilized with npK.
Obtained results indicate that, considering nitrogen input from natural sources, supplementing dose of mineral N fertilization should not exceed 100 kg n·ha -1 ·y -1 for very heavy, shallow humic alluvial soils. The relationships between total nitrogen content in soil profile and inorganic nitrogen taken up by meadow sward were also compared and assessed. compared were the results obtained in the years 2009-2011 (Table 11 ). The proportion of utilised inorganic N to total N in soil profile depended on the frequency of mowing and fertilization and on thermal and pluviometric conditions. In meadows mown two or three times without N fertilization (plots 2, 3 and 4) nitrogen taken up by sward constituted 0.57 to 0.72% of total n in dry conditions during the growing season. In favourable meteorological conditions percent of n taken up by plants varied from 0.90% to as much as 1.35% of total n. Obtained results suggest that knowing the content of total nitrogen in organic matter of humic alluvial soils, one may approximately assess the amount of inorganic nitrogen released during the growing season and available for meadow sward.
cOncLuSIOnS
To sum up 4-year-long studies with the use of "balance in the field" method on inorganic nitrogen in a permanent meadow grown on Żuławy alluvial soils, one may draw the following conclusions:
1. The demands of meadow sward for nitrogen in heavy shallow humic alluvial soils might be satisfied by soil nitrogen in amounts of about 100 kg N· ha -1 ·y -1 . 2. The "balance in the field" method was proved to be useful for quantitative assessment of inorganic nitrogen released during mineralization of soil organic matter, taken up by meadow swards and incorporated into biomass.
3. applied method may be a tool in controlling nitrogen management in grassland habitats situated on mineral soils and in elaborating new rules of nitrogen management with the consideration of dynamic processes of organic matter transformation in mineral meadow soils.
